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O efficiently produced from L-aspartic acid using said microorganisms or the treated product thereof. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 This invention relates to a process for culturing microorganisms of the genus Pseudomonas containing 

aspartate beta-decarboxylase and to a process of producing L-alanine using said microorganisms. 

Aspartate beta-decarboxylase" is a useful enzyme for enzymatic production of L-alanine. L-Alanine, as is 
well known in the art, is an impontant amino acid as a starting material for pharmaceuticals, foods, or as a 
chemical industry raw materials, and the demand therefore has been rapidly increasing in recent years. 

10 

2. Description of the Related Art 

Although as processes for culturing microorganisms containing aspartate beta-decarboxylase, there 
have been proposals for processes such as addition of lactic acid and pyruvic acid to the medium 
75 (Japanese Patent Publication No.1 9997/1 985) and such as by means of adding L-glutamic acid to the 
medium (Japanese Patent Publication No.27355/1978), these organic and amino acids are too expensive to 
be added to the medium. 

As an industrial process for producing L-alanine, there has been proposed a process for producing L- 
alanine through enzymatic decarboxylation of L-aspartic acid (Japanese Patent Publication No. 27792/1978). 
20 However, the content of enzymes in the microoganisms used in this process is low. 

SUMMARY OF THE INVENTION 

The purpose of the present invention is to provide a process for culturing microorganisms of the genus 
25 Pseudomonas containing aspartate beta-decarboxylase, according to which microorganism cells containing 
aspartate beta-decarboxylase at a high level can be obtained using a medium at a moderate cost, and to 
provide a process for producing L-alanine from L-aspartic acid at high efficiency using said microorganisms. 

The present inventors, as a result of earnest research in an endeavor to achieve the above-mentioned 
purposes accomplished this invention by discovering that microorganism cells containing a markedly 
30 increased content of aspartate beta-decarboxylase could be obtained if said microorganism is cultivated in a 
medium supplemented with a chelating agent. 

According to the present invention, there is provided a process for culturing microorganisms of the 
genus Pseudomonas , which comprises a process for culturing microorganisms of the genus Pseudomonas 
containing aspartate beta-decarboxylase, characterized in that ^cultivation is carried out in a medium 
35 supplemented with a chelating agent, and a process for producing L-alanine from L-aspartic acid using said 
microorganisms or treated products thereof. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

40 As microorganisms used in the present invention, any microorganisms belonging to the genus 
Pseudomonas and containing aspartase beta-decarboxylase can be used. For example, there can be 
included Pseudomonas dacunhae ATCC 21192, Pseudomonas putida ATCC 21812, Pseudomonas 
fluorescens IFO 3081 , and Pseudomonas syringae IFO 3310, these strains being preferable. 

Among these microorganisms, Pseudomonas dacunhae ATCC 21192 and Pseudomonas putida ATCC 
45 21812 has been deposited at the American Type Culture Collection, 12301 Parklawn Drive, Rockville, 
Maryland 20852, U.S.A. Pseudomonas fluorescens IFO 3081 and Pseudomonas syringae IFO 3310 have 
been deposited at the institute for Fermentation, Osaka, 17-85, Juso-honmachi, Yodogawa-ku, Osaka 532, 
Japan. These microorganisms are freely available to the public. 

As a medium used for preparation of microorganism cells containing aspartate beta-decarboxylase, any 
so medium having been commonly utilized can be used, but this invention is characterized in that a chelating 
agent exists in this medium. 

As chelating agents that can be added to the medium, any chelating agent forming a chelate v/ith metal 
ions in the medium can be used. For example, ethylenediamine tetraacetic acid (EDTA), ethyleneglycol-bis 
(2-aminoethyl) tetraacetic acid (EGTA), hydroxyethylenediamine triacetic acid (HEDTA), diethylene-triamine- 
55 penta-acetic acid (DTPA), nitrilotriacetate (NTA), or triethylenetetramine hexaacetic acid (TTHA), the salts 
thereof, or o-phenanthroline may be appropriately used. 

Concentration of a chelating agent in the medium is usually 0.001 to 5 g/l, preferably 0.005 to 2 g/l. 
Optimal concentration range slightly differs according to the kind of chelating agent used; they are, for 
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example, 0.1-2 g/l for EDTA, 0.05-0.5 g/l for HEDTA and TTHA, and 0.005-0.05 g/l for o-phenanthroline. 

As to the timing of adding the chelating agent to the medium, it can be added before or after initiation 
of cultivation, but it is desirable to add it by the middle of the exponential growth phase of cultivation. 

Although there are no particular limitations on the carbon source for the medium used for preparation of 
5 the microorganism cells containing aspartate beta-decarboxylase, fumaric acid, succinic acid, and aspartic 
acid can be mentioned. Among these acids, fumaric acid may be most preferably used. 

As the nitrogen source for the medium, an inorganic salt, such as ammonia, ammonium sulfate, 
ammonium chloride, ammonium nitrate and urea, can be used as well as an organic nutrient source, such 
as peptone, yeast extract, corn steep liquor and casamino acids. 
10 As the inorganic salt, there can be used dipotassium hydrogen phosphate, potassium dihydrogen 
phosphate, and magnesium sulfate. 

Cultivation of the microorganism cells containing aspartate beta-decarboxylase is carried out under 
aerobic conditions, such as aeration stirring or shaking, and the cultivation temperature may be 20 to 40 °C, 
preferably 28 to 32 °C. The pH in the course of cultivation may be 5 to 10, preferably around 7 to 8, and is 
75 adjusted with addition of an acid or an alkali. The fumaric acid concentration at the initiation of cultivation 
may be preferably 0.01 to 5% (wt/vol), more preferably 0.05 to 2% (wt/vol). The length of cultivation may be 
8 hours to 4 days, preferably 10 hours to 2 days. 

Since the microorganism cells obtained through cultivation according to the above-mentioned process 
contain a large amount of aspartate beta-decarboxylase in their cells, L-alanine can be efficiently produced 
20 from L-aspartic acid by means of enzymatic reaction in an aqueous reaction solution using said microorgan- 
ism cells or the treated product thereof. 

The treated product of microorganism cells herein means the disrupted product of the cells obtained 
through destruction of the cells using a known method, such as sonication treatment and squeezing, or the 
immobilized product of the cells or said disrupted product obtained by a known method, such as 
25 immobilization with such a monomer as acrylamide or with alginic acid. 

Next, as an adaptation of the present invention, the process for producing L-alanine from L-aspartic acid 
by means of enzymatic reaction in aqueous reaction solution using the above-mentioned microorganism 
cells or the treated product thereof is described below. 

The concentration of L-aspartic acid or the salt thereof that may be added to the aqueous reaction 
30 solution is 0.5 to 50% (wt/vol), preferably 3 to 30% (wt/vol). In addition, L-aspartic acid can be present in 
either dissolved form or powder (undissolved form) in relation to the solubility of L-aspartic acid in the 
reaction solution. 

Said aqueous reaction solution can be used with addition of pyridoxal 5'-phosphate at 0.0005 to 0.05% 
(wt/vol), preferably 0.001 to 0.01% (wt/vol). If necessary, the aqueous reaction solution can be also used 
35 with additional supplementation of a nonionic surfactant, such as ~ polyoxyethylene (10) octyl phenylether 
and polyoxyethylene (20) sorbitan monolaurate. at 0.01 to 0.5% (wt/vol), preferably 0.03 to 0.2% (wt/vol). 

If necessary, an alpha-keto acid, such as pyruvic acid and alpha-ketobutyric acid, can be added to said 
aqueous reaction solution at 0.001 to 0.5% (wt/vol), preferably 0.01 to 0.2% (wt/vol). 

The pH in the course of enzymatic reaction may be 4.5 to 5.3, preferably 4.8 to 5.0, the reaction 
40 temperature may be 30 to 47 " C, preferably 37 to 42* C. and the reaction is usually carried out for about 3 
to 48 hours. For adjustment of the pH of the reaction solution, an alkaline aqueous solution, such as an 
ammonia solution, sodium hydroxide solution and potassium hydroxide solution, may be preferably used. 

Separation and purification of L-alanine formed in the reaction solution obtained according to the above- 
mentioned reaction method can be practiced by a known method, such as ion exchange resin treatment 
45 and crystallization. 

The present invention will be more specifically described in reference to the following examples. 
In the following examples, the activity of aspartate betadecarboxylase was determined by measuring an 
amount of alanine formed after microorganism cells collected from 100 ml of the culture medium were 
suspended in 200 ml of reaction solution (containing 1500 mM aspartic acid, 0.04 mM pyridoxal 5'- 
50 phosphate, 5 mM pyruvic acid, 0.1% (vol/vo!) polyoxyethylene (10) octyl phenylether, and 0.4 M ammonia; 
pH 4.8) and shaken at 37° C for 1 hour. 

L-Alanine was qualitatively confirmed with the Rf value of paper chromatography, the retention time of 
high performance liquid chromatography, and specific rotation of the purified product. Quantitative analysis 
was performed on high performance liquid chromatography (Shimazu LC-5A). In the following actual 
55 examples, the representation % means % (wt/vol) unless otherwise mentioned. 

[Example 1] Culturing of microorganisms 
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A culture medium at 100 ml (containing 0.5% sodium fumarate. 1.0% ammonium fumarate, 1.0% corn 
steep liquor, 0.05% potassium dihyrogen phosphate, and 0.05% MgSO* *7H 2 O;pH,7.0) was apportioned 
into an Erlenmeyer flask of 500 ml volume, and after sterilization, Pseudomonas dacunhae ATCC 21192 
was inoculated and incubated at 30° C for 1 day while being shaken (preliminary cultivation). 

5 Next, one liter each of the same culture medium as that mentioned above, which was supplemented 

with one of the chelating agents shown in Table 1 at the concentration shown in Table 1 , was charged into a 
2-iiter volume tank operated under aeration stirring, and after sterilization (120* C, 20 minutes), 20 ml of the 
above-mentioned cultured product was added. After that, cultivation was carried out under rotation at 1000 
rpm, at an aeration amount of 1 vvm, a temperature of 30° C t and a pH of 7.3 for 1 day. 

70 After completion of the cultivation, 100 m! each of all of the cultured products were centrifuged to 
collect cells, said cells were washed in 0.9% NaC* solution, and then the activity of aspartate betadecar- 
boxylase in said washed cells was measured by the above-mentioned method. 

As Comparative Example 1, the same procedure was performed without addition of any chelating agent 
to the medium. 

75 The results are illustrated in Table 1. 
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Table 1 



Test No. Chelating agent 



Concentration 



(Example 1) 
1 



ethylenediamine 
tetraacetic acid 
(EDTA) 

hydroxyethy lene- 
diamine triacetic 
acid (HEDTA) 



Relative activity 
of L-aspartate 
beta-decarbo-xylase* 



1.0 g/1 



0.25 g/1 



220 



145 



25 



triethylene- 
tetramine 

hexaacetic acid (TTHA) 



0.25 g/1 



160 



30 



o-phenanthroline 



0.02 g/1 



140 



35 



(Comparative 
Example) 
1 



not added 



100 



40 



^Relative value to the activity of L-aspartate beta- 
decarboxylase in the comparative example, which was regarded 
as 100. 



45 

[Example 2] Culturing of microorganisms 

The same procedure as that used in Example 1 was performed, other than that Pseudomonas 
fluorescens IFO 3081 was used as a bacterial strain, and ethylenediamine tetraacetic acid was added at 0.5 
so g/L 

As Comparative Example 2, the same procedure as that used in Example 2 was performed without 
addition of ethylenediamine tetraacetic acid to the medium. 
Their results are illustrated in Table 2. 
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Table 2 



Relative activity of L-aspartate 
beta-decarboxylase* 



160 
100 



dU *Relative value to the activity of L-aspartate beta- 
decarboxylase in the comparative example, which was regarded as 100. 

25 

[Example 3] Culturing of microorganisms 

The same procedure as that used in Example 1 was performed, other than that Pseudomonas syringae 
IFO 3310 was used as a bacterial strain, and ethylenediamine tetraacetic acid was added at 0.5 g/l. 
30 As Comparative Example 3, the same procedure as that used in Example 3 was performed without 
addition of ethylenediamine tetraacetic acid to the medium. 

Their results are illustrated in Table 3. 

Table 3 - 

35 : 

Relative activity of L-aspartate 

beta-decarboxylase* 
40 — 1 

Example 3 155 

45 

Comparative Example 3 100 



10 Example 2 

Comparative Example 2 



75 



*Relative value to the activity of L-aspartate beta- 
decarboxylase in the comparative example, which was regarded 
as 100. 

[Example 4] Production of L-alanine 

6 



3NSDOCID: <EP 0455170A2J„> 



70 



EP 0 455 170 A2 

According to the same method as that used in Example 1, Pseudomonas dacunhae ATCC 21192 was 
cultured in the medium supplemented with ethylenediamine tetraacetic acid at 1.0 g/L After 100 ml of the 
cultured product was centrifuged to collect cells, the cells were washed in 100 ml of 0.9% NaCl solution, 
and all of the yielding cells were suspended in 200 ml of aqueous reaction solution [containing 30% L- 
aspartic acid, 0.05% (vol/vol) polyoxyethylene (10) octyl phenylether, 0.001% pyridoxal 5' -phosphate, and 
0.05% sodium pyruvate; pH, 4.7 (adjusted with ammonium solution containing NH3at 28%)] and shaken at 
42* C for 5 hours. After that, the yield of L-alanine was measured. 

As Comparative Example 4, the same procedure was performed without addition of ethylenediamine 
tetraacetic acid to the medium. Their results are illustrated in Table 4. 

Table 4 



75 

Relative yield Yield of L- 

of cells* alanine (g/1) 

20 

Example 4 97 155 



25 



Comparative Example 4 100 71 



^Relative value to the yield of cells in the comparative 
30 example, which was regarded as 100. 



Claims 

35 

1. A process for culturing microorganisms of the genus Pseudomonas containing aspartate beta-decarbox- 
ylase, characterized in that cultivation is carried out in a medium supplemented with a chelating agent. 

2. A process according to Claim 1, wherein microorganisms are selected from the group consisting of 
40 Pseudomonas dacunhae ATCC 21192, Pseudomonas putida ATCC 21312, Pseudomonas fluorescens 

IFO 3081 , and Pseudomonas syringae IFO 3310. 

3. A process according to Claim 1, wherein a chelating agent is selected from the group consisting of 
ethylenediamine tetraacetic acid (EDTA), ethyleneglycol-bis (2-aminoethyl) tetraacetic acid (EGTA), 

45 hydroxyethylenediamine triacetic acid (HEDTA), diethylene-triamine-penta-acetic acid (DTPA), 

nitrilotriacetate (NTA), triethylenetetramine hexaacetic acid (TTHA), the salts thereof, and o-phenanth- 
roline. 

4. A process according to Claim 3. wherein the chelating agent concentration in the medium may be 
so 0.001 to 5 g/i, preferably 0.005 to 2 g/l. 

5. A process according to Claim 1, 3, or 4, wherein cultivation of microorganisms is carried out under 
aerobic conditions, at a temperature of 20 to 40* C, preferably 28 to 32* C, at a pH of 5 to 10, 
preferably 7 to 8, and for a period of 8 hours to 4 days, preferably 10 hours to 2 days. 

55 

6. A process according to Claim 1, 2, 3, 4, or 5, wherein cultivation of microorganisms is carried out in the 
presence of fumaric acid at 0.01 to 5% (wt/vol), preferably 0.05 to 2% (wt/vol). 
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7. A process for producing L-alanine, characterized in that L-alanine is obtained from L-aspartic acid by 
means of an enzymatic reaction in an aqueous reaction solution using microorganisms of the genus 
Pseudomonas containing aspartate betadecarboxylase or treated product thereof, and cultured in a 
medium supplemented with a delating agent. 



8. A process according to Claim 7 or 8, wherein the L-aspartic acid concentration in the aqueous reaction 
solution may be 0.5 to 50% (wt/vol), preferably 3 to 30% (wt/vol). 

9. A process according to Claim 7 or 8, wherein the reaction of the cultured cells or the treated product 
thereof with L-aspartic acid is carried out at the reaction temperature of 30 to 47° C, preferably 37 to 
42° C, for 3 to 48 hours at the pH of 4.5 to 5.3, preferably 4.8 to 5.0. 
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